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The total aboveground biomass of a series of Douglas-fir stands which are located in western 
Washington increased with age while the foliar biomass and total crown biomass reached a steady 
state of about 1 1 000 kg/ha at between 40 and 50 years, depending upon stand density. Maximum 
wood productivity occurred near the time of crown closure, but the age of crown closure varied, 
with denser stands reaching crown closure at a younger age. Understory aboveground biomass 
and returns represented a significant portion of stand organic matter before crown closure but 
decreased in importance as the stand increased in age. In terms of relative contribution to stand 
organic matter, the vascular species of the understory were supplanted by mosses during the later 
stages of stand development. While the understory represented a small proportion of organic 
matter distribution, that is, less than 5% of standing plant biomass, it was a significant proportion 
of total productivity (up to 17%) and an even higher proportion of organic matter that was 
returned to the forest floor (up to 43% of total return). The forest floor in this series of stands did 
not reach a steady state but continued to increase in weight. The decomposition rate appeared to 
decrease with age. 
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La biomasse aérienne d'une série de peuplements de Douglas, localisés dans l'ouest de l'Etat 
de Washington, s'est accrue avec l’âge, alors que la biomasse foliaire et la biomasse de la cime ont 
atteint 11 000 kg/ha entre 40 et 50 ans, dépendant de la densité des peuplements. La productivité 
maximum de bois s’est produite près de la période fermeture du couvert mais cette dernière a 
varié avec l’âge, le couvert des peuplements plus denses se fermant à un âge plus jeune. La 
biomasse aérienne du sous-étage et sa litière représentaient une partie importante de la matière 
organique des peuplements avant fermeture du couvert, mais elle a diminué en importance avec 
l'augmentation en age des peuplements. En termes de contribution relative à la matière organique 
des peuplements, les espèces vasculaires du sous-étage ont été supplantées par les mousses 
durant les stades plus avancés du développement des peuplements. Alors que le sous-étage 
représentait une faible proportion de la distribution de la matière organique, à savoir moins de 5% 
de la biomasse végétale sur pied, if constituait une proportion importante de la productivité totale 
(jusqu’a 17%), et une proportion encore plus grande de la litière apportée à la couverture d’ humus 
Gusqu'à 43% de la litière totale). La couverture d’humus dans cette série de peuplements n’a pas 
atteint un état d'équilibre mais a continué a s’accroitre en poids. Le taux de décomposition 
semblait décroitre avec l'âge. 

{Traduit par le journal] 
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Forest stand total productivity, calculated 
by estimating the biomass difference over some 
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time period, has been carried out by several 
investigators in the past (Forrest and Oving- 
ton 1970; Tadaki et al. 1970; Harada et al. 
1972; Rapp 1971), but in most cases only the 
productivity of the trees (i.e., the merchant- 
able portion of the stand) was considered 
while the understory component was ignored. 
By estimating biomass and productivity in 
an age sequence of forest stands, the long- 
term trends of an ecosystem can be evalu- 
ated on the assumption that the various age 
classes are the simultaneous representation of 
the same stand at different ages (Ovington 
1957; Ovington and Madgwick 1959; Switzer 
et al, 1966). Apart from the estimates and 
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trends that can be determined from this age 
sequence, the changing relationships of dif- 
ferent components of the ecosystem can also be 
monitored; for example, relationships between 
overstory and understory can be analyzed 
(Forrest and Ovington 1970; Long and Turner 
1975). 

The work that is reported herein provides 
estimates of the aboveground biomass distribu- 
tion, productivity, and return of organic matter 
for a sequence of low-site-quality Douglas-fir 
stands that are being used for intensive study 
of nutrient cycling and other forest process 
studies (McColl 1972, 1973; Cole et al. 1968). 
Results are presented to show the changes in 
the relationships of distribution, productivity, 
and return of organic matter. 


Site Description 


The study was located in and around the 
University of Washington’s A. E. Thompson 
Research Center in the City of Seattle’s Cedar 
River watershed. The climate is typical of the 
foothills of the Cascade Range, where the most 
obvious features are the rainfall-dominated 
winter and a relatively dry summer. The small 
amount of snow which falls usually remains on 
the ground for only a short period of time. The 
mean annual precipitation is 144 cm and the 
mean temperature is 9.4 °C. 

The soil is derived from glacial till and is of 
the Everett Series (Typic Haplorthod). This 
soil is gravelly with only 5% clay and silt. The 
overstory vegetation is primarily Douglas fir 
(Pseudotsuga menziesii (Mirb.) Franco.) with 
an understory that is generally dominated by 
salal (Gaultheria shallon Pursh.) as the main 
vascular species and associated mosses such as 
Eurynchium oreganum ((Sull.) Jaeg. and 
Sauerb.). Our intensive study plots were estab- 
lished within stands on which extensive re- 
search had been conducted previously (Long 
and Turner 1975). The stands were 22, 30, 42, 
and 73 years old; each was naturally re- 
generated after fires that occurred at various 
times after the area was logged near the turn 
of the century. Other plots were in 42- and 49- 
year-old plantations. Data were also available 
from the 42-year-old plantation when it was 30 
years old (D. W. Cole, personal communica- 
tion). The permanent plots were located to 
avoid open areas caused by tree death from 
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Poria wereii Murr, root rot to obtain uniform 
canopy closure. This selection procedure may 
have made the plots biased toward areas of 
higher stocking. 


Methods 


Square plots (0.045 ha) were established in the 
selected stands by using a compass and tape. Within 
each plot trees were numbered and measured (diam- 
eter at breast height over bark (dbh/ob)), cores were 
taken to determine the previous 5 years increment, 
and heights of the dominant trees were measured for 
site quality estimation (King 1966). Biomass of the 
quality estimation (King 1966). Biomass of the 
various components of the trees was estimated on an 
area basis. About 130 trees from a 36-year-old stand 
were destructively sampled by Dice (1970). He used 
the data to generate predictive equations that used 
logarithmic transformations with dbh/ob as the in- 
dependent variable. Dice then tested the accuracy of 
his equations in predicting tree biomass on an area 
basis against data from a complete destructive sample 
of a 0.0045-ha plot within the same 36-year-old stand. 
Considerable work has been done on the bias that is 
introduced by the use of the logarithmic transfor- 
mation (Baskerville 1972; Madgwick 1970; Mount- 
ford and Bunce 1973; Beauchamp and Olson 1973); 
however, after analysis of Dice’s data and additional 
sampling by the authors, it was decided that estimates 
of tree biomass on an area basis were not greatly 
changed by the correction for. bias. 

Understory aboveground biomass was estimated by 
sampling vegetation from 1-m* plots. Between six and 
nine of these microplots were sampled within each 
stand (Long and Turner 1975). Aboveground pro- 
ductivity of salal, the dominant shrub, was esti- 
mated from dry weights of the current year’s leaves 
and stems. The aboveground productivity of the 
annuals and geophytes was assumed to be equal to 
their total aboveground biomass. The productivity by 
mosses was estimated from the standing biomass of 
fronds which was corrected by a factor that was 
related to proportion of the weight of each age class 
of tissue, which was determined from subsampling. 
This ratio was determined for a single moss species 
and was applied to each of the other mosses. The 
species that was chosen, Hylocomium splendens 
(Hedw.) B.S.G., has readily identifiable annual seg- 
ments (Tamm 1955) and an annual production and 
turnover rate of about 24% of the total biomass. 
Forest floor weights for each plot were estimated 
from eight circular cores (613 cm*) and the samples 
were sorted after drying in an oven at 70 °C. The 
large wood component of forest floor litter that was 
produced by the existing stand was estimated from 
three 9-m* microplots. 

Four litter traps of 0.209 m? were randomly 
located within the plots and the litter was collected 
on the 20th of every month for the period of 1 year, 
dried at 70 °C, and sorted into Douglas-fir needles, 
other species foliage, sticks, and cones. Remeasure- 
ment of the plots gave tree growth increments to- 
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TABLE 1. General description of the intensive study plots in the Cedar River watershed 
Mean Increment 
Plot Age dbh/ob dbh/ob BA? Stocking Site 
no, (yr) Establishment (cm) (cm) {m?/ha)  (stands/ha) %D.FP quality 
1 22 Natural 9.35 0.39 42.4 2756 100 Mid IV 
2 30 Natural 11.38 0.33 32.4 2346 100 Low IV 
3 30 Plantation® 14.13 0.36 34.4 1800 100 - Mid IV 
4 42 Natural 20.12 0.33 35:7 822 100 Mid IV 
5 42 Plantation® 19.20 0.31 44.5 1289 100 Mid IV 
6 49 Plantation 19.29 0.30 41.6 1067 73 High IV 
7 73 Natural 17.41 0.22 57.2 1889 95.3 Mid IV 


Note: Plots 3 and 5 are the same stand 12 years apart. 
*BA is basal area. 
*D.F, indicates Douglas-fir. 


gether with mortality, and by application of the bio- 
mass equations, biomass increments were estimated. 
The mortality figure was also used as the large wood 
component of the litter production. Litter return from 
the vascular understory was estimated in three classes. 
First, the weight of annuals and geophytes was taken 
as the return to the forest floor; weight loss during 
senescence was ignored, Second, leaf weights of 
deciduous perennials were taken as the returned 
weight of plant leaves. Third, the return from ever- 
green perennials was estimated from the total biomass 
of leaves which was divided by a factor that was re- 
lated to length of leaf retention. Return by mosses 
was taken to be equal to their productivity. 


Results 


Organic Matter Distribution 

The general description of the plots and the 
diameter increments are shown in Table 1. 
Compared with the studies of King (1966), 
who worked on the stocking and tree diameter 
relations in Douglas fir, our stands are near 
normal in the number of stems per hectare, 
except plot 4, which appears to be lower in 
stocking (which is the reason that it was 
selected), and plot 7, which is comparatively 
dense. While there is some variation, all plots 
are in the range of low to high site quality IV, 
which is based on King (1966). 

Table 1 indicates decreasing diameter incre- 
ment with increasing age of the stand, which is 
an expected trend. The mean diameter in- 
creases with increasing stand age except in the 
case of plot 7. Plot 7 is different probably be- 
cause of the greater stand density and the 
effect of hemlock (Tsuga heterophylla (Raf.) 
Sarg.) ingrowth, which composed 5% of the 
stems in that stand. The 49-year-old stand has 
a lower than expected mean dbh/ob, but there 
is a significant proportion of hemlock and 


western red cedar (Thuja plicata Donn.) in- 
growth, which amounts to 27% of the stems. 
When this ingrowth is removed the mean di- 
ameter of the Douglas fir is 23.3 cm, while 
those of the hemlock and western red cedar are 
12.8 and 6.7 cm, respectively. 

The biomass of the plots, which is shown in 
Table 2, is high when compared with an exten- 
sive study in this location that used several 
temporary plots per stand (Long and Turner 
1975). The reason for this difference is prob- 
ably the previously mentioned selection for 
uniformity and complete canopy cover together 
with the use of smaller plots. 


Stand Productivity 

The productivity estimate for the trees is 
derived from the mean increment over 6 years, 
which includes remeasurement after 1 year 
plus the results of increment cores that cover 
the previous 5 years. Tree mortality was esti- 
mated from only 1 year’s remeasurement. The 
aboveground productivity of the trees was esti- 
mated as follows (Newbould 1967): 


Pi = Pi + Pat Pa, 


where P, is the net production, P, is the above- 
ground production of the trees over the period 
of 1 year, Pa is the loss by death, and P, is the 
loss by consumers (in this case it is ignored). 
All units are in kilograms per hectare per year. 
The component P, was subdivided for measure- 
ment as follows: 


P, = Pi + Py + Ps 


where Ps is the foliar production, P, is the 
branch production, and P, is the production by 
the stems, all in the same units as above. The 
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TABLE 2. Aboveground biomass by components of the intensive study plots in the Cedar River watershed 
{in kilograms per hectare) 


Plot number 


4 5 6 7 


] 2 
(22-yr (30-yr (30-yr (42-yr (42-yr (49-yr (73-yr 

Component nat.) pat.) plant.) nat.) plant.) plant.) nat.) 
Tree 

Foliar biomass 5 000 6210 6 540 8 270 9 440 9 390 10 750 

Total crown 13 160 15 610 16 690 19 530 23 160 23 360 26 190 

Bark 13 900 16 120 17 360 19 530 23 610 22 840 30 440 

Stemwood 99 440 121 270 128 540 157 520 182 630 178 350 236 890 

Total 131 500 159 210 169 130 204 850 238 850 233 940 304 270 
Understory 

Vascular 6430 4150 1025 3670 2380 2480 1170 

Fern 1180 340 65 250 120 140 2 

Mosses 30 590 320 890 816 1520 

Total 7640 5080 1090? 4240 3390 3430 2750 
Forest floor 

Wood 610 1 400 6 880 Nil 3480 7 370 56 370 

Litter 11 410 5 850 4 000 2410 6 910 7 230 10 990 

Humus 8 520 9 440 11 280 14 730 16 280 19 390 28 370 

Total 20 540 16 690 22 160 17 140 26 670 33 990 95 730 
Total ecosystem 159 680 180 977 192 380 226 230 268 900 271 360 392 750 


*Nat., naturally regenerated; plant., plantation, 
’Mosses not included in this earlier study. 


total aboveground productivity for the stands 
is the sum of productivity of the trees plus that 
of the understory. 

The productivity estimates, which are shown 
in Table 4, indicate that new foliage production 
does not vary greatly between the stands that 
were studied and that the greatest difference 
occurs in stem productivity. 


Returns to Forest Floor 

The quantities of organic matter that was 
returned to the forest floor by the trees and 
understory are shown in Table 5. There is 
great similarity in tree needle return between 
the stands, which may be expected considering 
the similarity in needle production. The most 
obvious differences between stands relate to the 
change in total return by the trees (which is a 
function of an increase in return of woody 
tissue) and the role of the understory. 


Discussion 
Organic Matter Distribution 
The aboveground biomass of the stands is 
divided, for the purposes of discussion, into 
four categories: tree foliage, tree woody tissues, 
total understory, and organic matter on the soil 
(forest floor). The data for the first two com- 


ponents differ slightly from previously reported 
results (Long and Turner 1975) because of 
differences in sampling intensity. The first of 
these components to be discussed is the foliage. 
In a previous study (Long and Turner 1975), 
the biomass of the dominant understory species, 
salal, was found to be negatively correlated 
with the overstory foliar biomass. Further, 
Heilman (1961) related Douglas-fir wood pro- 
duction at a given age and location to foliar 
biomass of the stand. It was therefore hypothe- 
sized that if the trends in foliar biomass of 
stands could be described and understood, 
long-term aspects of understory succession and 
stand productivity could be predicted for the 
Douglas-fir stands in this area. Tadaki (1966), 
who used his own data plus data from the 
literature, plotted long-term trends of the foli- 
age of some coniferous species. These trends 
showed an increase in biomass up to the point 
of crown closure and a leveling-off that per- 
sisted for a relatively long time. Then, at some 
later time, stand deterioration began and the 
foliar weight declined. The trend was consistent 
for all species that were studied by Tadaki 
(1966) and seems to be true for Douglas fir 
(Long and Turner 1975). 
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FOLIAR 
BIOMASS 


{kasha} 


Fic. 1. Site quality IV Douglas-fir foliar biomass 
in kilograms per hectare plotted over changes in 
stand density and age. 


As the main interest of the study was in low- 
site-quality stands (SQ IV), data in this range 
were selected for comparison and incorpora- 
tion from Heilman (1961), Swank (1960), 
Paddock (1962), Riekerk (1967), and Web- 
ber (1973). In addition, data from the Pacific 
Northwest Forest Fertilization program (S. P. 
Gessel personal communication), most of 
which was in a similar age range, were also 
examined. Initially, by plotting foliar biomass 
against age, we found a general scattering of 
the points, which tended to level off between 
10 000 and 12 000 kg/ha. In an attempt to 
account for some of the variation in data we 
included information on stand density, which 
resulted in the three-dimensional surface that 
is shown in Fig. 1. The results indicated that a 
densely stocked stand developed its foliar bio- 
mass relatively quickly and reached an equi- 
librium level much more rapidly than a sparsely 
stocked stand. 

The data that are used in this study were 
from site quality IV stands up to 75 years old. 
Very few data are available for stands older 
than about 75 years; however, a recent study 
of a fairly low-SQ, 450-year-old Douglas-fir 
stand has shown an average tree foliar biomass 
of 8906 kg/ha, as shown in Table 3 (Grier et 
al. 1974). It may be argued that when the 
stand was younger, it had a foliar biomass 
equivalent to that of stands in the present study 


and it is now declining. Alternatively, much of 
the large shrub layer (1604 kg/ha; Table 3), 
which includes trees up to #5 cm dbh/ob, 
could be included as a component of the over- 
story foliar biomass to give a total of 10 510 
kg/ha. In this case it might be argued that the 
overstory foliage has maintained a relatively 
constant biomass by virtue of ingrowth during 
the stage of deterioration. Study of intermedi- 
ate-aged stamds would be necessary to confirm 
one of these suggested patterns. 

The second component of the stand to be 
discussed is the woody tissue biomass. The 
major change that occurs in the tree biomass 
is the increase in stem components (113 840 
kg/ha at 22 years to 267 330 kg/ha at age 73 
years). If the 450-year-old stand is included 
(Grier et al. 1974; Table 3), the stem biomass 
has increased to 472 593 kg/ha while the foli- 
age has remained fairly constant. The under- 
story is a relatively minor part of the total stand 
organic matter distribution, and because of 
the increasing quantity of wood in the stand 
with increasing age, this proportion steadily 
declines. For example, at 22 years of age the 
understory represents 5.5% of the above- 
ground biomass, while at 73 years it represents 
less than 1%. Within the understory biomass 
there is a qualitative change because of the de- 
crease of the vascular understory and the in- 
crease in the moss, so that at 22 years mosses 


TABLE 3. Aboveground biomass by components of a 


450-year-old Douglas-fir stand (from Grier er al, 1974) 


Component Biomass, kg/ha 

Overstory trees 

Foliage 8906 

Branch 48 543 

Bole 472 593 
Large shrubs and smail trees 

Foliage 1604 

Stems 4834 
Lower understory 

Foliage 1991 

Stems 270 

Herbs 65 

Epiphytes 1100 
Total aboveground vegetation 539 906 
Litter layer 

Of + 02° 43 350 

Logs 55 200 
Grand total 638 456 


aLitter layers listed above as defined in Grier et al. (1974). 


TABLE 4. Average net aboveground productivity of the intensive study plots (in kilograms per hectare per year) 


Stand Stand 


no. age (yr) Leaf 
1 22 nat." 2100 
2 30 nat. 3142 
3 30 plant! 2097 
4 42 nat. 2230 
5 42 plant. 2443 
6 49 plant. 2200 
7 73 nat. 2280 


Tree production 


Branch 


Stem 


6130 
4763 
4982 
6392 
3650 
3300 
2500 


Total 


8770 
8432 
8618 
9295 
6576 
5920 
5110 


Annuals 


Understory production 


Salal 


806 
456 


296 
218 
211 

98 


Moss 


8 
151 


83 
230 
210 
467 


Total 


1990 
947 


633 
543 
526 
567 


Moss 
(% understory) 


Stand 
total 


Understory 
(% total) 


*Nat., naturally established. 
tPlant., plantation established. 
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TABLE 5. Organic matter returns to the forest floor (in kilograms per hectare per year) | 
together with decomposition k factors? 
Total 
Leaf % Leaf tree Understory 
Stand litter litter return Understory (% total) Total ky kz 
1 2518 94 2670 1990 43 4660 13.4 23.4 
2 2837 80 3526 947 21 4473 -23.1 29.3 
3 2500 365 13 2865 16.4 18.8 
4 1796 70 2573 633 20 3206 15.0 18.7 
5 2403 77 3123 313 9 3436 13.5 14.8 
6 1780 78 2280 526 19 2806 8.6 10.5 
7 1891 51 3725 567 17 3292 9.2 11.2 


ak, based on tree litter alone = litter/(Ff x 100); kz = tree returns + understory. 


represent 4% of the understory biomass and at 
age 73 years they represent 55%. In the 450- 
year-old stand the lower understory represents 
only 0.6% of the standing biomass because of 
the high accumulation of wood in the stems of 
trees. If total stand biomass was the only 
variable used, the results would indicate a 
constant increase, but by using the components 
it is found that some components (foliage) are 
not continuing to increase, The forest floor 
biomass appears to have attained a relatively 
high mass by 22 years, after which there is a 
retardation in the rate of increase. This may 
have resulted from the existence of a forest 
floor at the initiation of stand development, 
i.e., continuing from the previous stand. The 
humus component appears to increase over the 
duration of the chronosequence. 


Stand Productivity 

The productivity estimates for the stands by 
components (Table 4) indicate the importance 
of the understory in relation to total stand 
productivity. Within the tree component of the 
stand the foliage productivity is relatively con- 
stant irrespective of stand age. It was expected 
that on the basis of foliage biomass, younger 
stands would have a lower foliage production 
per year, but apparently none of the stands 
that were studied were young enough for this 
to be detected. Generally, the higher produc- 
tivities occur in the younger stands, and the 
greatest total productivity that was measured 
occurred in the lightly stocked 42-year-old 
natural stand. This may indicate that the period 
of highest productivity in a stand occurs at 
about the time of canopy closure, independent 
of age. When the ratio of foliar biomass and 


leaf litter production for the stands is com- 
pared, it becomes obvious that there is a rapid 
turnover of foliage in the 22- and 30-year-old 
stands, which indicates a short period of needle 
retention in these younger, highly competitive 
stands. There is a tapering-off in tree produc- 
tivity with age, which is to be expected from 
past volume studies in Douglas fir as well as in 
other species (Assman 1970). 

The aboveground productivity of the under- 
story is also greatest before crown closure. The 
decline in productivity of salal, the dominant 
understory species, with stand age is associated 
with increasing canopy biomass (Long and 
Turner 1975) and there is a similar trend for 
the rest of the vascular understory. The mosses 
begin to increase in importance with time in 
both biomass and productivity, so that at 22 
years the mosses represent 0.4% of the under- 
story aboveground productivity, but at 73 
years they represent 82%. The understory is 
more important in terms of the total stand 
productivity than of the organic matter dis- 
tribution; for example, in the 22-year-old stand 
the understory provides 17% of total above- 
ground productivity and declines to 10% in 
the 73-year-old stand, while the understory is 
never more than 5.5% of the total above- 
ground biomass. 

Using the annual productivity figure as the 
current annual increment of the tree and using 
the standing biomass to calculate mean annual 
increment it is found that the time where cur- 
rent and mean annual increments are equal for 
stem production is about 30 years (Fig. 2). 
The estimate is a function of stand stocking, 
as indicated by the 42-year-old sparse stand, 
but it can be expected that in SQ IV stands 
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Fic, 2. The mean annual increment (MAI) and 
current annual increment (CAI) of the wood produc- 
tion. 


after about 30-40 years the productivity will 
begin to decline. Hummel and Christe (1953) 
indicate that in managed Douglas-fir stands 
that are growing on sites of similar quality, 
current and mean annual increments are not 
equal until 50-60 years after stand establish- 
ment. However, the stands from which their 
yield estimates were derived have been sub- 
jected to periodic thinning, a treatment which 
may delay canopy closure and the decline in 
productivity. 

The maximum aboveground tree produc- 
tivity figure that was found in these stands, 
using allometric relations, was 9295 kg ha~! 
year~1, This figure is less than the 9988 kg 
ha~? vyear-1 (Cole et al. 1968) that was 
estimated by destructive sampling in the same 
plantation as plots 3 and 5 when the plantation 
age was 36 years. This difference could be 
attributed to two possible reasons: difference 
in sampling method, and tree mortality, which 
were taken into account in the allometric study 
but not in the destructive sampling. It is of 
interest to note that, coincidentally, the study 
of Cole et al, (1968) was carried out near the 
peak of mean annual increment. 

Productivity estimates of these stands tend 
to be slightly lower than productivity estimates 
for comparable stands in the literature. Cole 
et al. (1968), in studying the 36-year-old 
Douglas-fir stand, gave estimates of 1990, 513, 
and 7685 kg ha~? year—* for foliage, branch, 
and stem, respectively. Ovington (1956), for 
Douglas fir that was growing in England, esti- 
mated total aboveground productivity ranging 
from 7201 to 9772 kg ha-! year~! by using 
the mean tree technique. Tadaki et al. (1970) 
studied Abies veitchii (Lindl.) in Japan, with 


ages ranging from 4 to 60 years. Total above- 
ground productivity ranged from 5700 to 
15 400 kg ha~? year~*: The foliar productivity 
leveled off at about 4000 kg ha~! year”, A 
similar leveling occurred in the foliar produc- 
tivity of Cryptomeria japonica ((L.F.) Don) 
(Harada et al. 1972), again at about 4000 kg 
ha~? year—}, while total aboveground produc- 
tivity ranged from 7755 to 12175 kg ha7} 
year~?, The variation was due mainly to a 
large range in site quality. 


Returns to the Forest Floor 

It was found that the returns to the forest 
floor by the trees contained a higher proportion 
of woody material as the stand age increased. 
The percentage leaf litter (Table 5) declines 
from 94% leaf material at age 22 years to 
51% at 73 years. The k decomposition factor 
of Jenny et al. (1949) and Olson (1963) was 
calculated to obtain a figure by which to com- 
pare decomposition rates between different for- 
est floors. The calculation was k = 1/(Ff + 1), 
where / = litter weight (kg/ha) and Ff = for- 
est floor weight (kg/ha). There is a steady 
increase in forest floor weight so that the as- 
sumption of equilibrium is not completely 
valid, but the figures do give a comparison of 
changes in decomposition rate. 

The k values of Jenny et al. (1949) were 
calculated on the assumption that while the 
forest floor mass (organic matter on the soil) 
was obviously increasing with time, for short 
periods there would be equilibrium and the k 
factor would give a comparative index. The 
result indicated maximum decomposition rate 
near the period of crown closure. This calcula- 
tion does not take into account the increasing 
proportion of wood, which may retard decom- 
position because of a wider C/N ratio and 
more lignin, or the changing quality of under- 
story return from woody perennials to mosses. 

The results that are shown in Table 5 indi- 
cate an increase in decomposition rate up to 
30 years and then a decline. The poorer 
quality, 30-year-old stand (stand no, 2) has a 
much higher decomposition rate than the other 
stands, but no reason for this great difference 
has been found. Furthermore, incomplete data 
were available for two forest stands from the 
Cedar River watershed and the stand of Grier 
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Fic. 3. Comparison of the & factor of forest floor 
decomposition over an age sequence of Douglas-fir 
stands. The & factor is calculated as shown in the text, 
from Jenny ef al. (1949). 


et al. (1974). All the results from Cedar River 
are plotted in Fig. 3; the old-growth stand had 
a kı = 13.6 (tree litter only included). 

The rate of release for many nutrients is 
dependent upon the rate of the organic matter 
decomposition, which in turn is affected by the 
constituents in the litter production. While we 
have no direct estimation of the effect of litter 
constituents on the decomposition rate or even 
the decomposition rate itself, we do have some 
indirect information. The organic matter re- 
turns from the tree are changing qualitatively 
and quantitatively as the stand ages. The leaf 
litter (which has the highest concentration of 
most nutrients and also is readily decompos- 
able) is decreasing with time from a maximum 
of 2800 kg ha! year~! at 30 years of age to 
1900 kg ha~! year—! at 73 years of age; but 
total tree litter is increasing as a result of a 
higher return of less readily decomposable 
wood. This trend of increasing woody litter 
production with age is accentuated by the 
study of Grier et al. (1974) on a 450-year-old 
stand in which over 60% of the return was 
woody material. 

The understory return is also critical and 
changes from 43% of the total return at age 
22 years to 17% at 73 years. The understory 
return also includes increasingly higher pro- 
portions of moss. This return includes not only 
discrete pieces of organic matter that fall on 
the surface of the forest floor but also the por- 
tion of the moss mat that has already been 
partially incorporated in the forest floor. 

This study indicates that there are important 
quantitative and qualitative changes, over the 
life of a stand, in the distribution pattern and 


cycle of organic matter. One critical point is 
that the understory is more important in the 
stand in terms of productivity and organic mat- 
ter return than the distribution of biomass indi- 
cates. 
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